Introduction
Ventricular fibrillation (VF) is a common cause of sudden cardiac death worldwide. 1 Patients with clinical VF may receive frequent implantable cardioverter-defibrillator (ICD) shocks and suffer poor quality of life. In patients who fail antiarrhythmic medications and do not have identifiable triggers for VF, such as premature ventricular contractions (PVCs) or monomorphic ventricular tachycardia (VT), there are currently limited options. 2 However, recent work has demonstrated the importance of rotor substrate in maintaining VF, [3] [4] [5] and that suppression of VF may be achieved via substrate ablation using either endocardial basket catheter phase mapping 6, 7 or electrocardiographic imaging 8 to localize VF sources. Prior reported cases were performed with multiple venous and atrial access sheaths to facilitate mapping and ablation. It is unclear, however, if similar efficacy can safely be achieved with limited vascular access and without access to the right ventricle (RV). Additionally, the presence and prevalence of late potentials (local abnormal ventricular activities, LAVA) 9 has not been reported for rotor-sustaining sites.
In this work, we report a patient with recurrent clinical VF refractory to medications, severe peripheral arterial disease, and extensive venous thrombosis who underwent VF rotor mapping and ablation of the left ventricle (LV) via a single arterial access site. Mapping revealed 3 rotor substrate sites, predominantly without LAVA, at which ablation rendered VF noninducible with no recurrence at 6 months follow-up.
Case report
A 68-year-old man with a history of ischemic cardiomyopathy (ejection fraction 26%), coronary artery bypass graft surgery, and deep venous thromboses status post inferior vena cava filter presented with progressive ICD shocks for VF despite escalating doses of sotalol. He had 9 episodes of VF requiring defibrillation in the 3 months preceding electrophysiology study and no episodes of VT. He underwent a coronary angiogram showing patent bypass grafts and no targets for revascularization. The patient was enrolled in a Veterans Affairs San Diego Institutional Review Board-approved protocol for VF mapping and ablation.
In the electrophysiology laboratory, bilateral femoral and jugular venograms and femoral arteriograms showed occlusion of all vascular access sites ( Figure 1A -C) except a diseased but patent left common femoral artery. Using ultrasound and fluoroscopy guidance, left common femoral arterial access was obtained with a micropuncture kit with serial sheath dilations. Using a 12 French steerable sheath (Vado, Terumo, Somerset, NJ), a 3.5-mm force-sensing externally irrigated ablation catheter (Tacticath, Abbott, Abbott Park, IL) was inserted into the LV via a retrograde aortic approach. Bipolar electroanatomic mapping using Velocity (Abbott) demonstrated extensive anterior, apical, inferior, and posterior scar. The ablation catheter was exchanged with a 60-mm basket catheter (FIRMap, Abbott, Figure 1D ) through the steerable sheath. Of note, 3-dimensional geometry and voltage data were obtained carefully using the ablation catheter with contact force. Following techniques described recently, 10 optimal basket catheter sizing and positioning were guided by cardiac computed tomography, and cinegram demonstrated good endocardial contact and stable positioning, allowing accurate registration within the electroanatomic map. Sustained VF episodes were easily induced with double extrastimuli at a cycle length of 500/280/260 ms ( Figure 2A ) and externally defibrillated after 10 seconds. VF functional substrate mapping identified 3 stable rotor sites ( Figure 2B ) located in the (1) LV mid posteroseptal wall, (2) LV mid anteroseptal wall, and (3) LV mid lateral wall ( Figure 2C ). All 3 rotor sites were identified in the same locations in both VF episodes. Notably, 1 of 3 (33%) rotor substrate sites exhibited late potentials (LAVA). Late potentials were also seen in other areas not identified as rotor substrate sites, and were not ablated as part of this protocol. After a total 34 minutes of ablation at sites of the 3 rotor cores (estimated 9.3% of total LV
KEY TEACHING POINTS
Targeted ablation of rotational functional substrate can successfully eliminate ventricular fibrillation at 6-month follow-up off of antiarrhythmic medications.
In patients with ischemic cardiomyopathy, critical ventricular fibrillation (VF)-sustaining substrate may be located predominantly in the left ventricle and is not necessarily associated with local abnormal ventricular activities (LAVA) and fractionation.
Rotor mapping and ablation of VF-sustaining substrate may be safely performed with only a single arterial access site. endocardium), VF was noninducible despite single, double, and triple extrastimuli down to ventricular effective refractory period. The case was concluded and the patient was monitored overnight. He had no evidence of vascular complications.
After discharge, antiarrhythmic medications were not restarted. He was seen at 1, 3, and 6 months post-procedure. ICD interrogation was performed at each visit, and no sustained VT or VF events were seen through 6-month follow-up. Unfortunately, the patient was newly diagnosed with terminal stage IV lung cancer after the 6-month check-up, transitioned to hospice care, and died of respiratory failure.
Discussion
The management of isolated clinical VF refractory to antiarrhythmic drugs is challenging. For idiopathic VF, prior work has described targeting monomorphic PVCs originating in the Purkinje fibers, left ventricular septum, and anterior RV. 11, 12 However, in patients without identifiable VF triggers, targeted ablation is difficult to perform. Patients with severe cardiomyopathy have extensive substrate for sustaining fibrillation. Without the ability to localize mechanistic sources, a substrate homogenization approach is possible. However, this is time-consuming, has unclear endpoints, and increases procedural duration and risks, and would require extensive ablation in many patients with advanced ischemic cardiomyopathy, such as this patient.
The mapping and targeted ablation of VF-sustaining sources is potentially an attractive therapeutic option. The patient described in this case had progressive VF refractory to medications and had a severely reduced LV function with 2 large areas of scar with extensive border zones. He did not have stereotypical PVC triggers or inducible VT.
Importantly, during voltage mapping a few sites of fractionation and late potentials were incidentally seen in ablated tissue near the periphery of the posteroseptal rotor sites as well as in areas that were remote from the rotor sites in border zone tissue that were not ablated. Conversely, there were large areas within the ablated rotor substrate tissue that did not contain late potentials. These observations support the idea that a nontargeted, substrate-only ablation of low voltage, fractionation, and late potentials may fail to identify tissue that is critical in promoting VF and may cause unnecessary ablation in areas of less importance. Unlike scar-based VT, in which late potentials may be markers of fixed, anatomical, slowly conducting isthmuses that sustain monomorphic VT, VF may be sustained not by fixed isthmuses but rather by functional reentry caused by heterogeneities in conduction and repolarization characteristics that may not manifest as late potentials. Furthermore, a substrate-only approach in this patient would have been an extensive procedure, targeting a significant amount of bystander ventricular tissue.
This case demonstrates that targeted ablation of rotor substrate was sufficient to suppress clinical VF to 6 months follow-up off antiarrhythmic medications. If additional studies further validate the effectiveness of this approach, VF rotor substrate ablation may become a new therapeutic option in such patients.
Finally, this case demonstrates that VF substrate mapping can be accomplished using a single arterial access site. It is unknown whether RV substrate would have been identified in this patient, but ablation in LV border zone substrate alone was sufficient to suppress ventricular arrhythmias. While prior work identified VF-sustaining substrate in the RV, it was unclear if RV sites were central to sustaining VF, as VF induction was not attempted between the ablation of each site. Indeed, this case may thus serve as a hypothesisgenerating observation that for ischemic cardiomyopathy, the sustaining mechanisms for VF may predominantly reside in left ventricular tissue, as is often the case in scar-based VT. In fact, it has been observed recently that rotors tended to migrate and stabilize at sites in the LV. 13 The etiology for this remains to be elucidated and may be multifactorial. Possible hypotheses include increased myocardial mass of the LV compared to the RV such that sustaining sources in the LV may dominate activation of the entire myocardium or that the LV may harbor more abnormalities in functional substrate. Future studies should evaluate the relative importance of LV and RV substrate to the maintenance of VF.
Conclusion
In this report, we describe VF substrate ablation in the LV alone via a singular vascular access site that safely and successfully rendered VF noninducible and suppressed VF at medium-term follow-up off antiarrhythmic medications. Rotor substrate sites predominantly did not exhibit LAVA, and other sites with late potentials were not ablated. These observations provide important insight into VF-sustaining substrate; larger studies of VF-sustaining substrate ablation are required to demonstrate the widespread utility of this approach.
